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APPLICATiON 

FOR... 



UNITEP STAT^5.::.t£j'TERS PATENT 



To all Whom it may concern: 
Be it known that 

Christine L. Brakel, James G. Wetmur and Ifobin S- Quartin 
have invented certain new apd ij^efui improvements in 
MODIFIED NUCLEOTIDE . n^MeQt^&g — " 



of which the following is a fuM, ciear and exact description. 



MODIFIED NUCLEOTIDE COMPOUNDS 

BACKGROUND OF THE INVENTION 



Field of The Invention 

The present invention relates to the field of oligo- and 
polynucleotides, more particularly to modified oligo- pnd polynucleotides 
suitable for therapeutic and imaging purposes, including those which 
require the delivery of such oligo- and polynucleotides either into cells or to 
cell surfaces. 



Brief Description of the Prior Art 

Oligonucleotides and oligonucleotide analogs 
complementary to messenger RNAs encoded by huniian 



microorganism and IJf^^genomes have been shown 
inhibiting or otherwise regulating gene expression, 



of translation. This has prompted several groups of 
develop various types of therapeutic "antisense" ol 
For a recent review, see van der Krol. et a!.. Modulation 



which are 

, animal, plant, 
to be effective for 
as by hybrid arrest 
Workers to attempt to 
and polynucleotides. 
Qf Egk^ryotiQ Ggn^ 



sdich 



ihgb 



Expression bv Complementarv RNA or DNA Sequences . Biotechniques, 



6:958-976 (1988). 

One mechanism by which phosphodiester o 
have been found to promote hybrid arrest of translation 
cleavage of the RNA in an RNA:oligodeoxynucleotide 
and Hunt, The Use of Single-Stranded DNA and RNg se 



ligodeoxynucleotides 
is through RNase H 
duplex. See, Minshull 
H to Promote 



Quantitative Hvbrid Arres t of Translation of mRNA/DN A Hvbrids in 



Retlculocvte Lvsate Cell-Free Translations . Nucleic Acids 
14:6433-6451 (1986); Cazenave, et al., Enzvmatic 



Translation Inhibition of Rabbit Beta-Globin mRNA Mi^diated bv Anti- 



Messenoer Olioodeoxvnucleotides Covalently Linkec to Intercalatinc 



Agents . Nucleic Acids Research, 15:4717-4736 (1987); and Dash, et al., 
Selective Elimination of mRNAs In Vivo: Complemertarv 



Olioodeoxvnucleotides Promote RNA Degradation b\i an RNase H-Like 



Research, 
Amplification of 



Activitv . Proc. Nat. Acad. Sci. USA, 84:7896-7900 (1987) 



the properties that 
antisense 



In view of this,- sensitivity to RNase H is one of 
should be considered when developing effective thertapeutic 
oligonucleotides. Unmodified oligonucleotides with phosphodiester 
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linkages can connplex with RNA to form RNase H substrates but are not 
nuclease resistant. One method of achieving a high degree of efficiency of 
translation inhibition is to chemically alter the oligodepxynucleotide in order 
to facilitate its entry into the cell and increase its half-life, while maintaining 
its affinity for the specific RNA of interest. Thus, other aspects of this 
undertaking would include the development of antisense oligonucleotides or 
polynucleotides with modifications that result in reduced sensitivity of these 
agents to nucleases which might diminish their effectiveness or render them 
inactive. 

Inoue, et al., Sequence-Dependent Hvdrolvsis j)f RNA using Modified 



Qliqodeoxynucleotide Splints and RNase H. Nucleic 
Series, lfi:221-224 (1987) describes a method of cleaving 
site-specific manner using modified oligonucleotides 



^cids Symposium 

RNA in vitro in a 
and RNase H. 



Partially or completely substituted phosphorothioates 
tested for antisense function. See Marcus-Sekura. et 



Inhibition of Chloramphenicol Acetvitransf erase Gene 



Anti?Qng9 QligpngQl^Qticig An^lgggeg having A'KyI Php$phQtri?$tQr. 



MethvlohosDhonate and Phosphorothioate Linkages. Nucleic Acids 
Research, 15:5749-5763 (1987) as well as Agrawal, et al., 
QliQodeoxvnucleotide Phosohoramidates and Phosphorothioates as 



have also been 
al » Comparative 
Expre$?iQn t?y 



Inhibitors of Human Immunodeficiency Virus. Proc. Nat. Acad. Sci. USA, 
85:7079-7083 (1988). They exhibit varying degrees of resistance to a 
variety of nucleases. Fully substituted phosphorothioate 
oligodeoxynucleotides form RNase H-sensitive hybrids, as reported in Stein, 
et al., Phygiggph^mip^l PrQPQiig? of Ph9?ph9rQthiQ^4 



Onqodeoxvnucleotid^^l Nucleic Adds Research, 1£:3209-3221 (1988). 



By contrast, many oligonucleotides containing 
nuclease-resistant sugar-phosphate backbones are 1 
RNase H-sensitive hybrids with target DNAs. See, for 
g^q^Qnpg-T^rqQtgQi QlQ^v^qQ Qf Nuplgig Aci<jg i?y Q\ 



ully-substituted 
capable of forming 
example, Sun, et al., 
qQ-glphq-thymiqlylatQ- 



PhgnanthrqlipQ QonjMqatQ^: P^r^ll^l an<j Antipar^ll^l 



DpublQ H^liQQS ^rg 



formed with DNA and RNA. Resoectivelv. Biochemistry, 
(1988). Alpha-phosphodiesters form antiparallel helicies 
complementary RNA, but not with DNA. Nevertheless 
linkages are nuclease-resistant, alpha DNA-RNA hybrids 



, 22:6039-6045 
with 

, although the alpha- 
are not substrates 
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for RNase H. Aminophosphonates or triesters can be formed by modifying 
the oxidation step in hydrogen-phosphonate synthesis! These uncharged 
linkages should interfere with the ability to form an RNase H-sensitive 
hybrid. 



Oligodeoxynucleotide analogs containing methylphosphonate 
linkages have been shown to have an antisense effect i 
et a!., Control of Ribonucleic Acid Function bv Qligonucleoside 



as 



Methvlphosphonates . Biochimie, £7:769-776 (1985) 
Dolnick, Comparative Hvbrid Arrest bv Tandem Antise 



M9thYlph9$ph9natg§ in a Cg|i-Freg Sygtem, Nucleic Apds 
1£:3341-3358 (1988). An antisense effect has been s lown 
Sarin, et ai., Inhibition pf AgqiJir^d ImmtingclgficigngY ^fyndrom^ 



OliqQdeQ>xYPtici$o$idg M?thyiphQ$phonatgs, Proc. Nai 

§5:7448-7451 (1988); Smith, et al., Antiviral Eff^qt of 



OliqQxj^QxynyjglQo^iijQ MgthylphpgphQpat? Cgmpl^mfintgry tQ th? SplipQ 



in vitro . See, Miller, 



well as Maher and 



Research, 
In vivo . See, 
Viru$ by 



. Acad. Sci. USA, 



jgnptipn of H^rpQg Simplex ^'^^JXP^ J,J[^ ^^'^V PfQ-mRNAg 4 and 
5, Proc. Nat. Acad. Sci. USA, ^^jmltfUvO J 



; and 



Inhibitipn Qf VQ^ipglgr gtomatitig Virgg Protein gynth^si 



Agris, et a!., 
is and Infection by 



ggqugngQ Specif ip Olia^^ M^thylphp^phpnatQ? 
Biochemistry, S:io^^ 4- W8(r (1g 8 1 ) . Methylphosphonamidite 



can be incorp^orated during phosphoramidite synthesi 
substituted structures, as reported by Marcus-Sekura, 
number of methylphosphonate linkages leads to 
reported by Quartin and Wetmur. Effect of Ionic 



nucleosides 
Is to yield partially 
supra . Reducing the 
great er hybrid stability, as 
gtrpncath Qn the Hybridizatipn 



Qf OliqQdWXYnucl9Qti<;i9$ with R9^Mg9<j Charge Dw \Q M^thylphp^phpn^tQ 



Unkaqgg to Unmodifigd OliqQCiQQxvngcigQticigg CQntaipinq th? 



Comolementarv Sequence. Biochemistry, 2fi:1040-1047 (1989). 



In a cell-free translation system, it was determined 
RNase H was not involved in the antisense effect seer 
methylphosphonate-substituted oligodeoxynucleotides 
compounds did not fomi RNase H-sensitive hybrids w 
RNA. See, Maher and Dolnick, supra . 



that the action of 
with fully 
, and that such 
th complementary 
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Oligodeoxynucleotides with modified ends have been shown to have 
relative resistance to exonudeases. For example, see Agrawal and 
Goodchild, Ollaodeoxvnucleotide Met hvlphosphonates: Synthesis and 
Enzvmic Degradation . Tetrahedron letters, 22:3539-3542 (1987). 

Notwithstanding the progress made and reported as described 
above, these efforts have not been entirely successful in permitting the 
rational design of stable, therapeutically-effective oligo- and polynucleotides 
such as has now become possible as a result of the present invention. 
Particularly, no one has examined the ability of mixed 
oligodeoxynucleotides to form RNase H-sensitive substrates as a factor in 
optimizing antisense function. In addition, heretofore, no one has correlated 
the ability to form RNase H sensitive substrates with nuclease resistance. 
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SUMMARY OF THE INVENTION 



The present invention provides oligo- and polynucleotide analog 
constructs complementary to at least a portion of and effective to inhibit the 
function of an RNA of the organism to which it is administered or of a foreign 
organism or virus therein. The invention was made possible by examining 
the correlation between positioning of methylphosphcnate or other 
substitutions in oligodeoxynucleotides and their sensitivity to exo- and 
endonucleases as well as their ability to form RNase H substrates. 



MN3M 



In one aspect, the invention provides a 
of 2 or more phosphodiester-linked nucleosides whicji 
resistant therein. In another aspect, the invention 
nuclease-resistant nucleotide compound which i 
component selected from the group consisting of 
M(N)xB wherein N is a phosphodiester-linked modified 
deoxynucleoside moiety; M is a moiety that confers 
resistance on the nucleotide component and contains 
or unmodified nucleic acid base; B is a moiety that 
resistance to the terminus to which it is attached; and 
least 2. 



compound having a sequence 
are nuclease 
provides a modified 
ncluqes at least one 
, B(N)xM and 
or unmodified 2'- 
efidonuclease 

at least one modified 
confers exonuclease 
X is an integer of at 



In another aspect, the invention provides a 
function of an RNA. which method comprises 
permissive of hybridization, the RNA with a 
nucleotide compound which includes at least one 
the group consisting of MN3M, B(N)xM and M(N)xB 
phosphodiester-linked modified or unmodified 2'- 
M is a moiety that confers endonuclease resistance 
component and contains at least one modified or 
base; B is a moiety that confers exonuclease 
which it is attached; and x is an integer of at least 2. 
preferred embodiments relate particularly to the 
compound. 



The invention also provides a method of 
polynucleotides having a combination of increased 
the ability to form an RNase H substrate when in 



method of inhibiting the 
contact ng, under conditions 
complementary modified 

component selected from 

wherein N is a 
deoxynucleoside moiety; 

the nucleotide 
unmodified nucleic acid 
resistanpe to the terminus to 
) above-described 
methbd of use of this 



identifying oligo- or 

nuclease resistance and 
complex with an RNA. 
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An additional aspect of the invention provides a nucleotide compound 



not be degraded 
diagnostic 



which can be introduced into a living organism and will 
before it can act as an effective agent for therapeutic or i 
applications. This compound Includes at least one conrponent selected from 
the group consisting of MN3M, B(N)xM and M(N)xB wherein N is a 
phosphodiester-linked modified or unmodified 2'- deoxynucleoside moiety; 
M is a moiety that confers endonuclease resistance on the nucleotide 
component and contains at least one modified or unmodified nucleic acid 
base; B is a moiety that confers exonuclease resistance 
which it is attached; and x is an integer of at least 2. 



The compounds described in this invention are 
oligo- or polynucleotides for therapeutic or imaging a| 
combined improved properties of resistance to endo- 
well as the ability to form RNase H-sensitive hybrids, 
advantageous chemistries for the syntheses of these 
provided, as are methods for their use. 



useful as "antisense" 
pplications and have 
a id exonucleases, as 
Particularly 
compounds are 



to the terminus to 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 



As previously noted, the present invention provides a composition of 
an oligonucleotide or polynucleotide compound having a sequence of 2 or 
more phosphodiester-linked nucleosides and which is nuclease resistant. 
The invention also provides a method for inhibiting the function of an RNA, 
including functions relating to expression, splicing and translation of the 
RNA. The compounds of the present invention have a number of valuable 
uses, including therapeutic uses in which the sequence is capable of 
inhibiting or preventing the expression of deleterious protein products or the 
replication or viability of pathogens. Thus, there is provided a method of 
treating an organism for infection by a foreign organise or virus by 
administering a therapeutically effective amount of the compound of the 
invention. The compound is administered by a route ' 
contact with the cell, organism or virus upon which it i^ intended to impart its 
therapeutic effect. 



As disclosed above, N is a phosphodiester- 
modified 2 - deoxynucleoside moiety. Preferably, It is 
deoxynucleotide moiety. When modified, exemplary 
2, 6-diaminopurine, uracil, inosine, 5-halogenated 
substituted or unsubstituted 7-deazaguanine, 7h 
deazainosine, or a methylated adenine, thymine, 



linked unmodified or 
an unmodified 2'- 
nodified forms include 
or cytosine, 
nine, 7- 
ine or guanine. 



uracil 



deazaade 



cytos! 



M is a moiety that confers endonuclease resistance on the nucleotide 
component and contains at least one modified or unnodified nucleic acid 
base. Preferably, it is a CrC4 alkylphosphonate, such as a 
methylphosphonate, or is an alpha-phosphodiester linkage. Other 
examples of M include those selected from the group consisting of an 
aminophosphonate, phosphotriester, phosphoramidate, carbamate or 
morpholino-substituted nucleotide. M can also confer exonuclease 
resistance. 



B is a moiety that confers exonuclease 
which it is attached, preferably directly or indirectly to 
of at least one of the 3'- and 5*- terminal nucleotides, 
an intercalating agent, a methylthlophosphate, a 
hydroxybenzotriazole. B can also be an isourea, a 



resistarice to the terminus to 

the deoxyribose moiety 
Examples of B include 
carbodiimide and an N- 
pplypeptide or a protein. 
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i 

By way of an additional example, where the modified nucleotide has the 
formula M(N)xB, B can be a modified or unmodified 2'J 3*-dideoxyribose 
nucleotide. i 



As used herein, x is an integer of at least 2, preferably 2 or 3. 

The term "nuclease resistant" refers to the decreased ability of a 
compound to serve as a substrate for endo- or exonucf^eases, such that the 
compound is either not degraded, or is degraded more slowly than 
unmodified phosphodiester-linked nucleosides when contacted with these 
enzymes. 



A particularly preferred embodiment is a nuclease 
nucleotide compound which includes at least one sequence 
MN3M wherein N is an unmodified phosphodiester-linked 
moiety selected from the group of adenine, guanine, 
and M is a 2'-deoxynucleoside methylphosphonate. In 
confers endonuclease and exonuclease resistance, thereby 
performing the function of B. 



thymi 



The invention also provides a method of inhibiting 
RNA, which method comprises contacting, under conditions 
hybridization, the RNA with a complementary modified 
which includes at least one component selected from 
MN3M, B(N)xM and M(N)xB wherein N is a phosphodiester- 
or unmodified 2'- deoxynucleoside moiety; M is a moiety 
endonuclease resistance on the nucleotide componen : 
one modified or unmodified nucleic acid base; B is a nroiety 
exonuclease resistance to the terminus to which it is atjtached 
integer of at least 2. The above-described preferred 
particularly to this method of use of the compound. 



The invention also provides a method of identifyi 
polynucleotides having a combination of nuclease resistance 
to form an RNase H substrate when in an RNA:oligo- 
complex. This method comprises (i) preparing the modified 
polynucleotide compounds; (ii) selecting by exo- and 
digestion those oligo- or polynucleotides of (i) which 



-resistant 

of the formula 
nucleoside 
ine and cytosine 
this embodiment, M 
additionally 



the function of an 
permissive of 
nucleotide compound 
the group consisting of 
-linked modified 
that confers 
and contains at least 
that confers 
; and x is an 
ehbodiments relate 



ing oligo- or 

and the ability 
polynucleotide 
oligo- or 
Endonuclease 

nuclease-resistant 



are 
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as shown by being capable of forming and electrophoretically migrating as a 
duplex with a complementary nucleotide compound; and (iii) selecting by 
RNase H digestion those of the niiclease-resistant nupleotide compounds of 
(ii) which act as substrates for RNase H when in complex with a 
complementary RNA. 
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Example 1 ' 
Assay for Nuclease Sensitivity 



Oligonucleotide Preparation 

Oligodeoxynucleotides were synthesized on an Applied Biosystems 
Model 380B DNA Synthesizer. Phosphodiester linkages were generated by 
standard phosphoramidite chemistry, and methylphosphonate bonds were 
introduced by the coupling of methylphosphonamidite monomers. 
Hydrolysis of the base-protecting groups and cleavage from the support for 
phosphodiester oligodeoxynucleotides was accompli shed by NH4OH 
treatment, which was followed by ethanol precipitatioi. 
Oligodeoxynucleotides containing mixed phosphodiester and 
methylphosphonate bonds were deprotected and released in 
ethylenediamineiethanol (1 :1) for 7 hours at room temperature. 
Alternatively, in addition to this treatment, the support 
NH4OH for 2 hours at room temperature. See, Sarin, 
oligodeoxynucleotides were purified by 4M ammoniu n acetate elution from 
NAGS Prepac columns (Bethesda Research Laboratories, Bethesda, MD). 



The oligodeoxynucleotides used in the studies 
presented in Table 1 , where they are grouped into com 
designated as sense or antisense. 



material was treated in 
et al.. supra . These 



described below are 
plementary sets 
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Table 1 
Oliaodeoxvnucleotides 



Sense 

Sequence 

GGATGCAGCTAAGTCAAG 

ATGCAGCTAAGTCA 

ATfiCAi^CTAAiaTCA 

AIGCAGCIAAGICA 

ATGCAGCTAAGTCA 

ATGCAGCTAAGIQA 



Name 
18-P-4 
14-P-4 
14-G-4 
14-T-4 
14-C-4 
14-C/T-4 



CGCCATGCAGCCCCAGTC 1 8-P-2 



Sequence 
CTTGACTTAGCTGCATCC 
TGACTTAGCTGCAT 
TGACTTAGCTGCAT 
TGACTTAGCTGCAT 
T^aACTIACCIG^AT 
T^aACTTAGCTCCAT 
TCACnAGCIGCAT 
TCACTIACCTGC&T 
TGGGGCTGCATG 
TSGGGCTCC^TG 
CT^KaGGCTCCAT 
TCGGQCIG^AIG 

TGGGGCTGCAT G 



Antisense 

Name 



* Underlined bases are those with a 3' methylphosphonate linkage 



18-P-3 

14-P-3 

14-A-3 

14-C-3 

14-Me6a-3 

14-Me%3 

l4-Me^a-3 

14-Me5b-3 

12-P-1 

12-Me^-1 

12-Me5a-1 

12-Me5-b-1 

12-Me5-1 

12-Me''0-1 
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Marker phosphodiester oligodeoxynucleotides were 5'- labeled with 
32p using T4 polynucleotide kinase and purified using a spun column of 
Sephadex G-50 in water. See, Maniatis, et aLj Molecular Cloning . Cold 
Spring Harbor Laboratory. New York (1982). | 

Gel Migration Analysis 

All methylphosphonate-substituted oligodeoxyjiucleotides were 
quantitated by a previously described gel migration analysis procedure with, 
their respective 5'-32p labeled complementary phosphodiester 
oligodeoxynucleotides. See, Quartin and Wetmur, supra. Briefly, the assay 
procedure was as follows: Marker phosphodiester ol godeoxynucleotides 
were 5*- labeled with 32p using T4 polynucleotide kir ase and purified using 
a spun column (Maniatis, et al., 1982) of Sephadex G 50 in water. 
Annealing to nuclease-treated. complementary oligodeoxynucleotides was 
carried out at room temperature for 15 minutes prior to electrophoresis. 
Control annealing reactions were carried out in appropriate enzyme buffers. 
Samples were loaded onto a 20% acrylamide gel in 2: 
electrophoresis was carried out at 4°C at 400 volts, 5- 
(89 mM Tris-CI, 89 mM borate, 1 mM EDTA) buffer for 
were dried and examined by autoradiography. 



.5% Ficoll 400. Gel 
15 milliamps in TBE 
2-4 hours. The gels 



Nuclease action by a given quantity of enzyme 
oligodeoxynucleotides was compared to results with 
control phosphodiester analogs. 



on substituted 
Equivalent quantities of 



Labeled 18-P-4, which serves as the marker ollgodeoxynucleotide 
has a lower mobility when hybridized to any of its complementary 
sequences, such as 14-P-3 or 14-Me6a-3. When an 
oligodeoxynucleotide fails to decrease the mobility of 
forming a duplex, indicating a sensitivity to the tested 



enzyme-treated 
18-P-4, it is no longer 
nuclease. 
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Example ? 



DNase I and DNase II E ndonudfiase Sensitivity 



Analysis of nuclease sensitivity is based on the 
oligodeoxynucleotide to form a duplex with and affect 



ability of an 

the migration-through 



a gel of a 32p-iabeled complementary oligodeoxynucleotide. Nuclease 
action by a given quantity of enzyme on substituted oligodeoxynucleotides is 
compared to results with control phosphodiester analogs. 



For DNase I and DNase II endonuclease sensitivity, this was 
determined by the gel shift assay, performed essentially as described in 
Quartin and Wetmur (1989), suata. Methylphosphonate-containing 
oligodeoxynucleotides with 1-5 adjacent phosphodiester linkages were 
tested as follows. 

Nuclease digestions of oligodeoxynucleotides were carried out in 10 
ul volumes under the conditions described below for each enzyme. Bovine 
pancrease DNase i (1 ug) (3.1.4.5) (Bethesda Reseateh Laboratories, 
Bethesda. MD) was used in a solution containing 50 nM sodium acetate (pH 
6.5), 10 mM MgCl2 and 2 mM CaCIa at 37°C. Bovine spleen DNase II (20 
units) (3.1.4.6) (Bethesda Research Laboratories, supra ) was used in a 
solution containing 0.8 mM MgS04 and 83.3 mM HoXc (pH 4.6) at 25°C. 
Enzyme quantities for digestion reactions were determined by titration with 
the phosphodiester oligodeoxynucleotide. 



The DNase I reaction was stopped by the addition 
and incubation at 70°C for 10 minutes. The DNase II 
by addition of EDTA to 21 mM and Tris-OH to pH 6.0, 
at 70°C for 30 minutes. Both reaction solutions were 
mM NaCI for oligodeoxynucleotide annealing. 



of EDTA to 25mM 
reaction was stopped 
followed by incubation 
brought to at least 100 
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Table 2 presents the relative half-lives for digestion of 
oligodeoxynucleotides by the endonucleases DNase I and DNase II. The 
half-lives of the oligonucleotides with methylphosponjate linkages are 
presented relative to the control oligonucleotide, 14-F|-3. The half-life for 
digestion of 1 4-P-3 by DNase I was on the order of 1 6 minutes. 1 4-A-3, 
which has an internal span of five phosphodiester linljtages, is as sensitive to 
DNase I as the control 14-P-3. 14-Me6a-3 has alternating diester and 
methylphosphonate linkages and was over 600 times more resistant to 
DNase I than 14-P-3. The general trend is that as the phosphodiester span 
is decreased, the oligodeoxynucleotide becomes mo[e resistant to 
endonuclease activity. The DNase II reactions were 
for DNase I (half-life for 14-P-3 digestion of 10 hours) 
of the experiments, the relative half-lives for the most 



■nuch slower than those 
Within the time-frame 
resistant 



methylphosphonates can only be designated as greater than 5. 



Table 2 

Endonuclease Pigestion Suscept 



Qligprner 



DNaS£j 



EpdonucI 



mi 



iQage 



Relative H^lf-Ufe 



14-P-3 
14-A-3 

14-C-3 

14-Me5b-3 
14-Me5a-3 
14-Me6b-3 
14-Me6a-3 



1 

>5 



12 
300 
>600 
>600 



>5 
>5 
>5 
>5 
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Example 3 
Exonuclease (5'- and 3'- 



Sensitivfty 



Nuclease resistance of the oligodeoxynucleotides was detected 
following digestion with 5'- and 3*- exonucleases by th^ ability to cause a 
change in the electrophoretic mobility ("gel-shift") of a complementary 
phosphodiester-linked oligodeoxynucleotide. 



Nuclease digestions of oligodeoxynucleotides w|ere carried out in 10 
ul volumes under the conditions described below for each enzyme. Bovine 
spleen phosphodiesterase (3.1.4.18) (Sigma, St. Louis, MO) was used in a 
solution containing 0.1 M sodium citrate (pH 6,0) and 5 mM EDTA at 37°C. 
Snake venom phosphodiesterase from Crotalus adam^nteus (3.1.4.1) 



(Sigma, supra) was used in a solution containing 0.2 M Tris-CI (pH 9.0) at 
37°C. Enzyme quantities for digestion reactions were (jietermined by titration 
with the phosphodiester oligodeoxynucleotide. 



The snake venom phosphodiesterase reaction w 
addition of EDTA to 25mM and incubation at 70°C for 1 
spleen phosphodiesterase reaction was stopped by incubation 
10 minutes. Both reaction solutions were brought to at 
prior to oligodeoxynucleotide annealing. 



as stopped by the 
0 minutes. The 

at 70X for 
least 100 mM NaCI 



The results of the spleen and snake venom exonuclease 
summarized in Table 3. The half-life of each 
relative to that of its respective control, unmodified oligonucleotide 
sequences, 14-P-3 or 14-P-4. 



studies are 
oligonucleotide is presented 



The half-time for spleen exonuclease digestion of the control 
oligodeoxynucleotides was about 30 minutes for the enzyme concentration 
used. All of the partially modified oligodeoxynucleotides tested with spleen 
exonuclease were more than 200 times as resistant as jtheir respective 
controls based on the absence of detectable cleavage following overnight 
digestion with appropriately increased enzyme concentrations. The 
oligodeoxynucleotides 14-C-4, 14-G-4 and 14-T-4 werei apparently 
shortened, as evidenced by a slight increase in the electrophoretic mobility 
of the hybrid. The half-time for venom exonuclease digi3Stion of the control 
oligodeoxynucleotides was about 12 minutes for the enzyme (Sigma) 
concentration used. The modified oligodeoxynucleotide with the shortest 
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relative half-life (14-G-4) had its first methylphosphonate bond as the third 
linkage in from the 3'- end, while the other oligodeoxynucleotides tested had 
a methylphosphonate as the first or second linkage frjom the 3'- end. In 
another study, using Worthington venom exonuclease, the presence of two 
consecutive methylphosphonate linkages at the 3'- e^nd (14-C/T-4) yielded 
approximately a two-fold increase in the half-life of the 
oligodeoxynucleotide, as compared to 14-C-4, which' has only one 
methylphosphonate linkage at the 3'- end. 
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Table 3 

Exonudea se Digestion Susceptibility 



Oligomer 



Expnuclgase 

Spleen (5'-^3'-) i venom ^3-->5'- 
RelativelHalf-Llfe 



*14-P-3 

*14-P-4 

14-C-3 

14-G-4 

1 4-A-3 

14-T-4 

14-M86a-3 



1 
1 

»200 
»200 
»200 
»200 
»200 



1 
1 

>500 
100 
»500 

>500 
.»500 



* Indicates control oligonucleotides 

The above data demonstrate that single nuclease-resistant 
internucleotide linkages near the termini serve to greati/ enhance the 
resistance of oligodeoxynucleotides to exonucleolytic enzymes. 
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lExample 4 
RNase H >Si;bstrate Activity ■ 

! 

The ability to act as an RNase H substrate, i.e., to direct RNase H 
cleavage of complementary RNA, was tested using th'p plasmid pSP65-ALA- 
D as follows. ' 



The plasmid pSP65-ALA-D is a derivative of the 
pSP65 described in Melton, et al., Efficient in Vitro Svnthesis 



Active RNA and RNA Hvbridization Probes from Pl asmids Containing a 



SP 6 cloning vector 
Qi Pioloqicaily 



Bacteriophage SP6 Promoter. Nucleic Acids Research 
(1984). It contains the cDNA sequence of delta-amjnolevulinic 
dehydratase (ALA-D), a heme biosynthetic enzyme, i 
orientation In the Pst I site of the polyllnker. Regarding 
et al., Human Aloha-Aminolevulinate HvdratasPi- Mnn 



, 12:7035-7056 
acid 

inserted in the sense 
ALA-D, see Wetmur, 
eotide sequence of a 



Full-lenoth c DNA Clone . Proc. Nat. Acad. Scl. USA, 5^:7703-7707 (1986). A 
partial stmcture is generally as follows: 



(12-mer) 



(14-mer) 



P 



-+- 
N 



-+- 
H 



-/ /-- 



wherein the 12-mer and 14-mer labels are centered over 
oligodeoxynucleotide binding sites and the restriction 
for runoff transcription are: P = Pvull, N = Ncol, H = 
transcription. 



Hindlll 



Plasmid pSP65-ALA-D (1 ug) was digested with 
or Pvull and then extracted with phenol, extracted wltffi 
alcohol (24:1), and ethanol precipitated. The pellet 
ethanol, dried, and resuspended in water (200 ng/ul) 
transcription reaction contained approximately 200 nc 
ALA-D, ail four ribonucleoside triphosphates (0.4 mM, 
32p.GTP (specific activity 800 Cl/mmol), 1 mM DTT, 
7.9), 6 mM MgCl2, 2 mM spermldine-[HCI] and 15 unitjs 
polymerase, and was incubated for one hour at 37°C. 
extracted, precipitated and dried, and then resuspendjsd 



: was 



endonuclease sites 
and S = start of 



one of Hindlll, Ncol, 
chloroform:isoamyi 
washed with 70% 
The in vitro 
of linearized pSP65- 
cold), 20 uCi alpha- 
\ mM Tris-HCI (pH 
of SP6 RNA 
Samples were 
in water (10-20 ul). 
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Resuspended transcript (1 ul) was annealed with antisense 
oligodeoxynucleotide (20 ng), in 20 mM Tris-HCI (pH 715), 10 mM MgCl2, 
100 mM KCI, 10 mM DTT, and 5% (w/v) sucrose, in thej presence of 10 units 
of the inhibitor RNasin (9ul total volume) (Promega Corp., Madison, Wl). 
Following one minute incubation at SO^'C, annealing mixtures were 
incubated at room temperature (22''C) for 30 minutes. JThen, E. coli RNase H 
(1 ul; 2 units; 3.1.26.4; BRL) was added and the reactions were incubated for 
60 minutes at 37°C. EDTA (1 ul; 0.1 M) was added to stop the reaction. 
Samples were extracted, ethanol precipitated, dried arid resuspended in 
RNA loading buffer (10 ul; 67% formamide and 20% fo'rmaldehyde). 
Following Incubation at 60°C for 5 minutes, samples were run on 6% 
denaturing (8M urea) acrylamide gels at 350 volts, 45 mAmps, for 1 hour at 
room temperature. Results were visualized by autoradiography. 

Partially Modified Oliaod eoxynucleotides in RNase H Substrates 



32p-iabeled runoff transcripts were made from p|sP6-ALA-D and 
incubated with various oligodeoxynucleotides in the presence of RNase H. 
The control phosphodiester oligodeoxynucleotidej14-F]-3^and the 
methylphosphonate-substituted oligodeoxynucleotides^l 4-A-3^and 1 4-C-3 
formed RNase H substrates, while 14-Me6a-3 did not, ^ven up to a 
concentration of 10 ug/mL In addition, 14-Me5a-3 andlu-Me^b-S were able 
to form RNase H substrates. However, the 14-mer binding site appeared to 
be a poor site for RNase H digestion since full cleavage of the RNA was 



never observed, perhaps due to secondary structure in 
region. 



the RNA at this 



A set of 12-mer oligodeoxynucleotides, including the control 
phosphodiester oligodeoxynucleotide, 12-P-1, was tested. Using the Ncol 
runoff transcript, which is completely cleaved by RNase H in the presence of 
12-P-1, it was observed that 12-Me4-1 and 12-Me5a-1 permitted cleavage of 
most of the RNA, while 12-Me5b-1, 12-Me5-1 and 12-Me^0-1 did not form 
RNase H substrates. 
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Example 5 

stability of Oligonucleotides in Ti ssue Culture 

Suspension cultures of B95-8 cells, an Epstein Barr virus-positive 
lynnphoid cell line, were maintained in RPMI 1640 containing 10% heat 
inactivated fetal calf serum (PCS) and penicillin and streptomycin (all from 
Gibco) at 37°C in a humidified 5% CO2 incubator. Cells were maintained at 
concentrations of 4 x 1 0^ to 2 x 1 0^/ml. | 



For the stability studies, 200 ul of RPM1 1640 (orjily), 200 ul of 
complete medium and 200 ul of cell suspension were transferred to 
separate wells of 96 well tissue culture plates. Ollgonjjcleotides were added 
to the wells at a final concentration of about 0.2 uM and were allowed to 
incubate for various times at 37°C. Samples (25 ul) were removed and 
incubated at 70°C for 5-10 minutes to curtail further delgradation and were 
then stored at -20°C prior to gel migration analysis. The results of stability 
testing in cell suspensions are shown in Table 4. 

Table 4 

Tissue Culture Stabilities 

Relative Haif-Lifg 



Culture condition 


RPMI 


+FCS 


+FCS, B95-9 


14-P-3 


Stable 


1 


1 


14-Me5b-3 


Stable 


30 


30 


14-Me5a-3 


Stable 


30 


30 


14-Me6b-3 


Stable 


30 


30 


14-Me6a-3 


Stable 


30 


30 


All of the oligonucleotides tested were stable to 


incubation in serum 



free medium following incubation of up to 24 hours at 370C. The stability of 
the individual oligonucleotides was altered by the pressnce of serum as 
degradation was similar in both complete medium and cell suspensions. 

These results demonstrated that phosphodiesteir oligonucleotides 
have a half-life of less than 60 minutes in cell suspensions (or complete 
medium). Results from similar experiments in serum-supplemented or 
conditioned medium using shorter time increments suggested a half-life of 
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approximately 15 minutes. The oligodeoxynucleotidejs with 
methylphosphonate substitutions were significantly mpre stable than their 
phosphodiester analogs and displayed relatively similar half-lives of 
approximately 7.5 hours, independent of the arrangement of the 
methylphosphonate linkages, ^^j^ifl^^pnudeolytic ac|iYity was evidenced by 
single stepwise cleavage of o1igaaeo5yr^ and 14 

Me5a-2, each of which contains a 3*- terminal-phosphodiester-linked 
thymidine residue and by the absence of cleavage of oligodeoxynucleotides 



14-Me6b-2 and 14-Me5b-2, each of which contains a 
methylphosphonate-llnked thymidine residue. 



3*- terminal- 
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